This paper explores the social meaning of clothing-based displays of biosignals. How do friends make sense of their own and each other's skin conductance display in the context of a conversation? We developed Hint, a dynamic thermochromic t-shirt with ambiguous patterns that change color when its wearer's skin conductance increases, an indication of sudden arousal. We investigated how pairs of friends, each wearing the shirt, conversed and interpreted the display. Participants shared a broad range of interpretations, and emotions such as joy and embarrassment were associated with an increase in skin conductance. Additionally, participants expressed desires for their skin conductance displays to help validate their feelings and show emotional engagement with others. We explore ambiguity in the context of clothing-based information displays and discuss how skin conductance display became part of social performance in our study. From there, we suggest framing biosignals as social cues along with facial expression, gestures, etc., and begin to question what design territories this might uncover.
INTRODUCTION
Biosensing is on the rise in daily life. The Feel wristband monitors skin conductance, pulse, and temperature to track mood and give wellness advice [27] . Jawbone UP3 and Microsoft Band also monitor skin conductance for fitness and wellbeing [28, 29] . Much research uses biosignals to "detect" emotions, thereby providing unambiguous interpretations of emotional state, [e.g., 12, 16, 19] . Recent work has challenged this approach of detecting and algorithmically categorizing emotions and proposed an alternative approach, affect-as-interaction [4] , which treats emotion as contextually situated and arising from interpersonal interaction [4, 14, 15] . This project explores affect-as-interaction in the context of clothing, investigating how clothing-based displays of biosignals function in personal relationships.
Our goal in this project is to explore how ambiguous biosensing displays could provoke multiple interpretations. We chose to work with skin conductance because it is inherently ambiguous and open to multiple interpretations. By creating clothing that unobtrusively responds to skin conductance, we explored human interpretations of affect in the context of social interaction. Specifically, we investigated 1) What kinds of interpretations do people form about their skin conductance display in the context of a conversation with a friend? and 2) What roles do people desire, expect, or try to make skin conductance perform within their social interactions?
This work contributes a design exploration that leverages ambiguity to support multiple interpretations [10, 20] and engages the lens of affect-as-interaction. Additionally, based on our analysis of participants' interactions around the system, we suggest framing biosignals as social cues, and begin to question the design implications of this.
BACKGROUND Interpretive Approaches to Biosignals
Some biosignals research aims to "detect" emotion, but this approach has recently been critiqued [3, 4, 9, 14, 15] . As Boehner et al. [4] Hubert. In both cases, participants wanted to show emotional engagement with someone they were close to and were concerned when the display showed what they interpreted as something other than engagement.
Validation
Ryan and Mary expressed desires for the system to validate their feelings. Ryan, who does biosensing research, shared a story about singing to his ex-girlfriend and his ex-girlfriend laughing at him in response. He said he felt embarrassed while telling the story, and experienced tightness in his chest. He said, "I wasn't sure my shirt changed then, but I wanted to believe it was changing because I felt something strongly… I just wanted some confirmation that what I was feeling was real." Whether a display change occurred was ambiguous to Ryan, but he wanted to use his belief to dispel that ambiguity in order to feel validated. Mary speculated that, "As a person with anxiety, sometimes I want people to know, 'No, I'm really struggling at the moment,' and I think there's something about [Hint] that feels like a validation of that, in addition to just my self report of it." In both cases, participants described wanting feelings of validation based on observing a display change.
DISCUSSION Two Kinds of Ambiguity
Two kinds of ambiguity were present in Hint, ambiguity of observation and ambiguity of meaning, and these are related to Gaver et al.'s ambiguity of information [10] . First, many participants reported feeling unsure about whether they had observed a display change, in part due to the t-shirt's subtle fade from gray to white. We call this ambiguity of observation, and propose that the slow temporal shift from one state to another can be one way to "use imprecise representations to emphasize uncertainty" [10] . Second, even if a display change were clearly observed, its meaning was still ambiguous, due to the many kinds of excitement associated with skin conductance. We call this ambiguity of meaning. Although ambiguity of information can stem from the artifact and the way it represents information, ambiguity in Hint stems from the inherent ambiguity of skin conductance data and its variable interpretations.
Prior work showed how people imagined ambiguity to be an asset for clothing-based displays in everyday life [7] . In the context of Hint, ambiguity received mixed responses. Ambiguity of meaning was seen as helpful in supporting a broad range of emotional interpretations and prompting open-ended reflection. On the other hand, some participants wished to reduce ambiguity of observation in order to feel validated by the system. Future designs of social biosignals displays should carefully consider and leverage different kinds of ambiguity.
Biosignals as Social Cues
Skin conductance display on Hint functioned like other social cues as part of social performance. Drawing from Goffman, all activity, including words, appearance, facial expressions, etc., of a person may be seen as a kind of "performance" which is used to influence the "audience" of those around them. These performances often fulfill accepted social roles. Goffman provides an example of two friends at lunch showing mutual interest and respect [11] . When wearing garments with ambiguous displays, the wearer and the garment are seen and interpreted together by their audiences [7] . Many participants seemed to want their skin conductance display to help them perform a social role, such as showing emotional engagement with others. In a sense, this biosignal display became part of their social performance along with social cues such as facial expression, tone of voice, etc. Whereas affect-asinformation models skin conductance, facial expression, etc., as "social signals" with clear meanings that transcend context, for affect-as-interaction, we suggest framing these displays as "social cues," whose meaning is situated within the context of interpersonal interaction. A key difference between Hint and other social cues is that participants could not control their skin conductance or its display, at least in this study. This lack of control both detracted from their social performance and helped position skin conductance as something that could validate their feelings because it came from outside their conscious self-report.
Framing displays of biosignals as a social cue suggests many design directions. Perhaps designs could support validation and personal reflection by providing users with private biosignals displays, or support intended social performances with user-controlled public biosignal displays. Biosignals are already mediated by human-made sensors and algorithms, so users would be one of many human mediators. Consider the following reflection on an existing biosensing technology: Technologies such as Apple Watch allow users to share their heartbeat [30] as a meaningful signal. Thinking of heartbeat as a social cue, rather than a signal, lets us consider social contexts in which users might want to share a modified heartbeat, or lead to designs that question social performances to create tension, playfulness, or social critique.
CONCLUSION
We engaged affect-as-interaction [4] to design dynamic biosensing clothing for everyday contexts. Pairs of friends, wearing abstract t-shirt displays of their skin conductance, associated it with a wide variety of emotions, such as joy or embarrassment. The display's ambiguity was valued as a prompt for reflection but also hindered participants' attempts to feel validated. Participants sought to use their skin conductance display to help them enact social performances, such as showing emotional engagement with others. We suggest framing biosignals displays as social cues and briefly question design possibilities in which users can mediate their own biosignals displays.
